We present new high spatial resolution Kuiper Airborne Observatory (KAO) 50 µm and/or 100 µm data for 11 infrared-bright galaxies. The sizes of the central far-infrared emitting regions in three of these galaxies, NGC 660, NGC 891, and M 83, agree with those of the central star formation complexes. The Sb galaxy NGC 7331, which does not have observed star formation in its bulge, has a flat-topped 100 µm major axis profile which covers the bulge and inner spiral arms, without a bright central peak or pronounced depression. The remaining seven galaxies, all of which are known to have strong nuclear or circumnuclear star formation, are unresolved or marginally resolved with the KAO, with farinfrared source size limits consistent with the sizes of the central star formation complexes.
Introduction
It has been known for more than 25 years that galaxies emit a significant amount of their total luminosity at wavelengths longer than 30 µm, and that this radiation originates from dust in the interstellar medium (Harper and Low 1973; Telesco, Harper, and Loewenstein 1976; Telesco and Harper 1980) . The successful IRAS mission in 1983 (IRAS Explanatory Supplement 1988) provided far-infrared luminosities of thousands of galaxies, permitting many investigations into the nature of this far-infrared emission. Two such studies were those of Helou (1986) and Persson and Helou (1987) , who suggested a two-component model for the farinfrared emission from galaxies. In this scenario, both OB stars and the general interstellar radiation field contribute to dust heating in galaxies, in proportions differing from galaxy to galaxy. In active galaxies, the AGN may also contribute to dust heating.
Since these publications, there have been many efforts to test and refine this picture. One difficulty has been the relative lack of spatially resolved far-infrared measurements of galaxies. The IRAS resolution is relatively poor (1 ′ .5 × 5 ′ at 100 µm), so without special processing, only the most nearby galaxies can be studied in detail (Walterbos and Schwering 1987; Deul 1989; Schwering and Israel 1989; Schwering 1989; Rice et al. 1990; Gallagher et al. 1991) . The development of the HiRes deconvolution method for IRAS data (Aumann, Fowler, and Melnyk 1990) has allowed studies of more distant galaxies with an effective resolution of ∼80 ′′ at 100 µm (Marston 1989; Rand, Kulkarni, and Rice 1992; Young 1992, 1993; Rice 1993; Surace et al. 1993; Devereux and Scowen 1994; Marsh and Helou 1995) .
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To obtain information at smaller physical scales or in more distant galaxies even higher resolution is needed. To this end, we have conducted a program of far-infrared observations of galaxies using the University of Texas far-infrared photometer systems on the Kuiper Airborne Observatory (KAO). These systems have a 100 µm beamsize of approximately 30 ′′ × 40 ′′ . In a series of previous papers, we have presented KAO far-infrared data for a number of galaxies (Joy et al. 1986 Lester et al. 1986a Lester et al. , 1987 Lester et al. , 1995 Brock et al. 1988; Smith et al. 1991 Smith et al. , 1994 Smith et al. , 1995 . In these studies we have identified circumnuclear rings of far-infrared emission (Lester et al. 1986a; Smith et al. 1991) , resolved central star formation complexes Joy et al. 1987 Joy et al. , 1988 Smith et al. 1995) , separated bulge and spiral arm emission in normal galaxies (Smith et al. 1991 , resolved the far-infrared emission from a distant giant elliptical galaxy , separated a close galaxy pair , and obtained stringent limits on the sizes of the far-infrared emitting regions in luminous galaxies (Joy et al. 1986; Brock et al. 1988) . For a more detailed review of these publications, see Lester (1995) .
In the current paper, we present new KAO data for 11 additional galaxies.
We combine these new data with previously-published KAO data for 11 galaxies, along with IRAS far-infrared data for the bulges of M 31 and M 81. For the entire sample of 24 galaxies, we compare the far-infrared data with published optical, near-infrared, and millimeter observations to investigate dust heating and star formation in the bright central regions of galaxies.
The Observations
The observed galaxies are given in Table 1 , along with their positions, distances, morphological and spectral types, blue magnitudes, and optical diameters. The far-infrared data were obtained with the KAO 0.9m telescope during the period 1987 -1994, flying from either Moffett Field, California, Hickam 5 Air Force Base, Hawaii, or Christchurch, New Zealand. Ten of the 11 galaxies were observed at 100 µm, and three were observed at 50 µm. Details on the observations of individual galaxies are given in Table 2. The observations were made with either a 8×1 bolometer array (Low et al. 1987; Smith et al. 1991) or a 10×2 element array ). For both these systems, the approximate rms noise level reached in an hour is 0.5
Jy. The 100 µm beamsizes of these systems are approximately 25 ′′ × 35 ′′ (8 channel system) or 31 ′′ × 41 ′′ (20 channel system), varying slightly from detector to detector, with the short axis of the beam aligned along the long axis of the array. The 50 µm beamsize for both systems is approximately 18 ′′ × 25 ′′ . Along the long axis of the array, the detectors are separated by approximately half a beamwidth (see Smith et al. 1991 Smith et al. , 1994 , while the two banks of detectors in the 20 channel system are separated by 28 ′′ at 100 µm and 18 ′′ at 50 µm.
With the 8 channel system, the observations were made with a scanning mode (see Smith et al. 1991) , where the array was scanned across the galaxy perpendicular to the array axis, resulting in 8 simultaneous azimuthal scans across the galaxy. The scan lengths ranged from 2 ′ .3 to 3 ′ .2, and the data were binned at 2 ′′ intervals with a scan rate of 5 ′′ sec −1 . With the 20 channel system, the scanning method was used for NGC 3256, giving 10 parallel scans across the galaxy, while a nodding mode (see Smith et al. 1994 ) was used for four galaxies. In this method, the array was nodded on and off the galaxy at 10 second intervals. For NGC 891, data were taken at 2 overlapping array locations on the sky, shifting along the major axis of the array. For NGC 7331, three overlapping sets of data were obtained. Chopping was in the azimuthal direction, with amplitudes which varied from 3 ′ − 6 ′ .5. For both of these systems, the long axis of the array was aligned with the altitude axis of the telescope, causing the position angle of the array on the sky to vary during a long integration. The 6 ranges in these rotation angles are given in Table 2 . With the exception of NGC 1808 and NGC 6946, these rotation angles changed less than 12 • during the observations. For the NGC 7331 observations, the KAO 'freeze mode' was used, keeping the rotation angle steady to ≤1 • .
For the April 22, 1988 observations of M 83 and for NGC 7331, we guided on the nucleus of the galaxy itself. For the rest, offset guiding was used, since the nuclei were too faint to guide on. The combination of offset guiding and diurnal motion causes the position of the center of the array on the sky to vary with time. To compensate for this effect, the offset was re-calculated and adjusted after each half sweep to keep the galaxy centered on the array.
To obtain a point source profile and to calibrate the data, we also observed at least one of the following objects during each flight: IRC +10216, IRC +10420, η Carinae, Ceres, Vesta, Callisto, or Uranus. Details on these observations are also given in Table 2 . Callisto, the asteroids, and Uranus all have angular diameters less than 4 ′′ , so are clearly point sources. IRC +10216, IRC +10420, and η Carinae have also been shown to be point sources at 50 and 100 µm at this resolution (Lester, Harvey, and Joy 1986b; Harvey et al. 1991; Harvey, Hoffmann, and Campbell 1978) .
The Data
After noise spike removal, the scan data were offset-adjusted, filtered, flatfielded, and co-added as in Smith et al. (1991) . On the May 23, 1990 flight, strong correlated noise between the detectors was seen. To eliminate this noise, for those observations we subtracted the signal in channel 1 from that in the rest of the detectors before co-addition.
The final summed scans are shown in Figure 1 . These plots show that the galaxies are all relatively compact compared to the instrumental profile. To make this comparison more directly, in Figure 2 we plot the galaxy and corresponding 7 calibration data for the channel with the strongest signal. These plots show that M 83 is extended with respect to the point source, while NGC 253 and NGC 6946 appear marginally resolved. The rest are unresolved. To make this assessment more quantitative, we determined the rms deviation of each galaxy profile from the point source profile, within the range where the galaxy data remained above zero. Only for M 83 is the rms greater than 3σ. For the rest, we consider our derived source sizes to be upper limits.
To get an estimate of the source size in the cross-scan direction, we averaged the central 22 ′′ (100 µm) or 10 ′′ (50 µm) of the summed scans for each detector.
These profiles along the long axis of the array are given in Figure 3 . None of the galaxies are strongly resolved relative to the point source profiles. NGC 1097 and NGC 6946 appear marginally resolved, with possible low-level extended emission in the end channels, while the rest are unresolved.
The nod data were co-added as in Smith et al. (1994) , and the summed data profiles are shown in Figure 4 . These plots show that, if the far-infrared peak was well-centered on the first bank of detectors, then NGC 660, M 83, and NGC 7331 are resolved along the long axis of the array, while NGC 891 is unresolved. To test whether the central peak is truly resolved above this plateau, we have re-plotted these data in Figure 4d with the end channels set to zero. In this figure, the central source appears only marginally extended, so we conservatively consider our derived size an upper limit.
All four galaxies in Figure 4 appear resolved along the minor axis of the array, if we are correctly centered with the infrared peak in the first bank of detectors.
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The flux observed in the second bank of detectors (lower panels in Figure 4a -e) is higher for the galaxies than for the point source profiles.
In Table 3 , we give an estimate of the position of the far-infrared maxima in the sample galaxies. For the scan data, these are simply the location of the peak position for the detector with the strongest signal; we did not attempt to interpolate between detectors. For the M 83 and NGC 660 nod data, the positions given are the location of the detector with the strongest signal, and for NGC 891, we have averaged the positions of the two detectors in the first bank which have approximately equal flux densities. For NGC 7331, which does not have a strong far-infrared peak, we give the approximate center of the broad profile seen in the data from the first bank. Our absolute pointing accuracy is 10 ′′ . For galaxies which are poorly centered on the array, there is an additional uncertainty in the location of the far-infrared peak. In Table 1 , we provide the best available published measurements of the positions of the nuclei of these galaxies, from either radio or optical data. The far-infrared positions in Table 3 are all consistent with these nuclear positions within our uncertainties. Therefore, for the nod data shown in Figure 4 , if the far-infrared distribution is symmetrical along the minor axis of the array with respect to the nucleus, then the galaxy is spatially resolved in this direction.
From the data plotted in Figures 2, 3 , and 4, we have made estimates of the intrinsic sizes of the central far-infrared sources in these galaxies using a simple Gaussian deconvolution. These results are given in Table 3 . The FWHM sizes range from ≤13 ′′ to 165 ′′ (≤220 pc − 12 kpc). For the nod data, the minor axis sizes were determined assuming symmetry about the nucleus and so are very uncertain.
The calibrated flux densities are given in Table 3 . We estimate that these measurements are accurate to 30%. For these calibrations, we assumed that 9 Uranus is a blackbody of 58.5K (Stier et al. 1978 ) with a diameter of 50,800 km, and Callisto is a blackbody of temperature of 147K (Campbell et al. 1989 ) and diameter 5020 km (Jones and Morrison 1974) . For Ceres and Vesta, we used a standard thermal model of the far-infrared emission from asteroids (Lebofsky et al. 1986 ), along with the IRAS diameters of 848 km and 468 km and albedos of 0.11 and 0.42, respectively (IRAS Minor Planet Survey 1992).
Determining absolute flux densities using the evolved stars η Carinae, IRC +10420, and IRC +10216 requires cross-calibration due to the possibility of farinfrared variability. To calibrate the March 1992 M 83 data, we use an η Carinae 100 µm flux density of 5200 Jy (Harvey et al. 1978 ), since we confirmed earlier in the same flight series that the 100 µm flux density had not changed . We cross-correlated the August 1990 IRC +10420 data using Hygeia observations from a different flight during the same flight series, and find values consistent with the Harvey and Wilking (1982) flux densities of F(50) = 930 Jy and F(100) = 240 Jy . Also, using the August 23, 1990 Vesta data to calibrate IRC +10420 gives a consistent value of F(50) = 941 Jy. For the August 1994 observations we have no independent calibration of IRC +10420, however, observations of Uranus during the same flight series give a calibration conversion consistent with that obtained using IRC +10420 with the flux densities given in Harvey and Wilking (1982) . For the April 1988 M 83 data, we used the PSC color-corrected 100 µm flux density of IRC +10216 of 862 Jy. This agrees within 15% with our independent calibration of F(100) = 759 Jy for IRC +10216 based on Uranus observations using unpublished April 1989 data. Table 3 shows that the peak M 83 brightnesses from the two different observations agree well.
In Table 3 , we provide both a peak flux density and a total flux density. In some cases, because the galaxy was not well-centered on the array, the peak flux density does not equal the total flux density although the galaxy is unresolved.
These incidences are noted in Table 3 . In Table 3 , we also give the total IRAS flux densities for the galaxies, obtained either from Rice et al. (1988) or IRAS Addscans. At 50 µm, we estimate total flux densities from the IRAS 25 and 60 µm data assuming a λ −1 emissivity law. The total flux densities from the KAO agree with the total IRAS flux densities within the uncertainties for all of the galaxies except for NGC 891, M 83, and NGC 6946. For these galaxies, our KAO observations are clearly missing extended emission. For the rest of the galaxies, less than 30% of the total far-infrared emission arises outside of the region observed by the KAO.
Three of the galaxies in our sample were previously observed at 50 or 100 µm in a small beam (Rickard and Harvey 1984; Engargiola 1991) . Our new peak brightness measurements are consistent with these data within the uncertainties (see Table 3 ).
Discussion of Individual Galaxies
Comparing the far-infrared morphology of individual galaxies with the observed distribution of star formation regions and molecular gas is useful in determining the origin of extragalactic far-infrared radiation. In this section, we discuss each galaxy in our sample individually, summarizing the available data at other wavelengths, and noting how the far-infrared distribution compares with that of the other components of the galaxy.
NGC 253
NGC 253 is a highly inclined spiral galaxy with a weak bar (Pence 1980; . Near-infrared spectroscopy of the nuclear region of NGC 253 reveals an obscured central starburst (Wynn-Williams et al. 1979; Rieke et al. 1980; Beck and Beckwith 1984; Rieke, Lebofsky, and Walker 1988) . The CO (1 − 0) and (2 − 1) distributions are centrally peaked Mauersberger et al. 1995) , and the CO (2 − 1) size is ∼40 ′′ × 10 ′′ FWHM elongated east-west (Wall et al. 1991; Mauersberger et al. 1995) . Denser gas appears to be more centrally concentrated; the 13 CO (3 − 2) source FWHM is ≤15 ′′ (Wall et al. 1991) . The 1.3 mm and 3 mm FWHM sizes are 16 ′′ × 11 ′′ and 10 ′′ × 4 ′′ , respectively (Krügel et al. 1990; Carlstrom et al. 1990 ). At 10 − 30 µm, the FWHM size is 7 ′′ × ≤4 ′′ (Telesco, Dressel, and Wolstencroft 1993) . Our far-infrared source size limits (≤16 ′′ × 14 ′′ and ≤21 ′′ × ≤31 ′′ at 50 and 100 µm, respectively), show that the far-infrared emitting region, particularly at 50 µm, is more compact that the CO (2 − 1) emission, but consistent with the sizes at the other wavelengths.
Low-level extended far-infrared disk emission is observed in NGC 253 out a diameter of 26 ′ .5 at 60 µm (Rice et al. 1988) . Our KAO observations show that this extended emission is a relatively small percentage, ≤30%, of the total farinfrared emission from the galaxy, with the majority of the radiation arising from the central unresolved source.
NGC 660
NGC 660 is a peculiar barred spiral galaxy with a possible polar ring (Young, Kleinmann, and Allen 1988) . It has an 'N'-type optical spectrum (Keel 1984) , however, Hα+[N II] mapping indicates significant massive star formation over an extended region in the center of the galaxy (Young et al. 1988) . The CO distribution is extended northwest to southeast along the bar, with a FWHM size of ∼22 ′′ × 35 ′′ ( van Driel et al. 1995) . We find a FWHM size of the 50 µm emitting region of 22 ′′ × ∼46 ′′ (1.0 kpc × 2.1 kpc), similar to the CO size.
NGC 891
NGC 891 is an edge-on Sb galaxy thought to be very similar to the Milky Way. The CO (1 − 0) distribution is centrally peaked with a surrounding molecular ring (Scoville et al. 1993) , while the HI map shows a central depression (Rupen 1991) . In the IRAS data, NGC 891 was resolved along its major axis but unresolved along its minor axis (Wainscoat, de Jong, and Wesselius 1987) .
Along the major axis, the far-infrared traces the radio continuum and CO (1 − 0) emission well (Wainscoat et al. 1987) . With the KAO, we have further constrained the 100 µm size of NGC 891 along its minor axis to be ≤37 ′′ . NGC 891 is extended along its major axis in the far-infrared, with ∼25% of the total 100 µm emission coming from the central 31 ′′ × 41 ′′ .
NGC 1097
NGC 1097 is a beautiful barred spiral with a LINER nucleus surrounded by a ring of star formation of diameter 15 ′′ − 20 ′′ (Osmer, Smith, and Weedman 1974; Meaburn et al. 1981 ). This ring is present in radio continuum and Hα maps (Hummel et al. 1987) , at 10 µm (Telesco and Gatley 1981; Telesco et al. 1993) , and in the CO (J = 1 -0) line (Gérin et al. 1987) . Our 100 µm data show a central unresolved core with a source size of ≤36 ′′ × ≤41 ′′ , consistent with the size of the star forming ring.
NGC 1808
The circumnuclear region of NGC 1808 contains several blue 'hot spot' H II regions (Morgan 1958; Sérsic and Pastoriza 1965; Véron-Cetty and Véron 1985; Phillips 1993) . The optical spectrum of the nucleus itself was classified as that of a Seyfert galaxy by Véron-Cetty and Véron (1985) , but as indicative of OB stars by Phillips (1993) . The central star formation complex has a size of 10 ′′ × 20 ′′ , extended southeast to northwest (Véron-Cetty and Véron 1985) . Outflow from this central area is indicated both by peculiar dust filaments extending out of this region perpendicular to the plane of the galaxy (Burbidge and Burbidge 1968; Véron-Cetty and Véron 1985) and by velocity measurements of the ionized gas (Phillips 1993) . Our 100 µm source size limit of ≤29 ′′ × ≤34 ′′ is consistent with that of this star forming region. 
NGC 3256
NGC 3256, a peculiar galaxy with two long tidal tails (Sandage and Brucato 1979; Joseph and Wright 1985) , is likely the remnant of the merger between two spiral galaxies (Graham et al. 1984) . Ultraviolet, optical, and near-infrared spectroscopy of this galaxy indicate that it is undergoing a strong central starburst (Kinney et al. 1993; Storchi-Bergmann, Kinney, and Challis 1995; Kawara, Nishida, and Gregory 1987; Doyon, Joseph, and Wright 1994) . Brγ emission is detected over over a 27 ′′ × 16 ′′ region, with a FWHM size of 8 ′′ × 5 ′′ (Moorwood and Oliva 1994a). Emission at 10 µm is seen to a radius of 10 ′′ , with a FWHM size of 9 ′′ × 7 ′′ (Graham et al. 1987) . NGC 3256 has been mapped in the CO (2 − 1) line by several groups (Sargent, Sanders, and Phillips 1989; Casoli et al. 1991; Aalto et al. 1991) . Casoli et al. (1991) determine an intrinsic FWHM size of 25 ′′ × 11 ′′ , while Aalto et al. (1991) find a smaller FWHM size of 11 ′′ × 6 ′′ . Our far-infrared source size limit of ≤24 ′′ × ≤22 ′′ is consistent with these measurements.
M 83
The well-known barred spiral galaxy M 83 is undergoing rapid star formation in and around the nucleus, at the ends of the bar, and on the spiral arms (Talbot, Jensen, and Dufour 1979; Ondrechen 1985; Bohlin et al. 1983; Gallais et al. 1991 ). The HI distribution has a 2 ′ diameter central depression (Allen, Atherton, and Tilanus 1986) , while the CO (1 − 0) distribution is centrally peaked and traces the optical bar (Handa et al. 1990 ).
The IRAS data on M 83 show that it is quite extended in the far-infrared; Rice et al. (1988) give a 60 µm size (to 25 mJy arcmin −2 ) of 15.6 ′ . Marston (1989) deconvolved IRAS pointed observations data on M 83, and revealed a possible far-infrared bar. Our KAO data resolves the central 100 µm source, giving a FWHM of 20 ′′ × ≤26 ′′ . Thus the far-infrared emission from this central 14 source has a size consistent with that of the central CO source (Handa et al. 1990 ). Approximately 20% of the total 100 µm emission from this galaxy arises from this central source.
The Circinus Galaxy
The Circinus galaxy (Freeman et al. 1977 ) is a large, nearby spiral galaxy with a compact nuclear radio source, optical and infrared spectra indicative of non-thermal activity, and nuclear H 2 O maser emission (Moorwood and Glass 1984; Moorwood and Oliva 1988; Oliva et al. 1994) . A strong 9.7 µm silicate absorption feature is seen towards the nucleus (Moorwood and Glass 1984) .
Brγ imaging shows a compact central source plus two extranuclear HII region complexes at a radius of 5 ′′ (Moorwood and Oliva 1994b) . Circinus is unresolved in the IRAS CPC data with a resolution of ∼1 ′ (Ghosh et al. 1992 ; van Driel et al. 1993 ). Our observations further confine the region of far-infrared emission to a ≤17 ′′ − ≤28 ′′ (≤330 − ≤540 pc) diameter area.
NGC 6946
NGC 6946 is an Scd galaxy with a moderately active starburst nucleus (Keel 1984) . The molecular gas distribution in NGC 6946 is centrally peaked (Young and Scoville 1982) and elongated in a bar or spiral arm pattern (Ball et al. 1985; Weliachew et al. 1988; Ishizuki et al. 1990; Regan and Vogel 1995) , while the atomic gas distribution has a central depression (Rogstad, Shostak, and Rots 1973).
There have been several studies of the far-infrared morphology of NGC 6946.
Low resolution IRAS maps (Rice et al. 1988) give a 60 µm radius of 13.3 ′ to µ 60 = 25 mJy arcmin −2 . With the KAO, NGC 6946 was mapped at 120 and 170 µm at 49 ′′ resolution (Smith, Harper, and Loewenstein 1984) , at 100 and 160 µm at 45 ′′ resolution, and at 200 µm at 56 ′′ resolution (Engargiola 1991) . These maps show a central emission peak, an extended disk, and some evidence for spiral 15 structure in the disk emission. Our higher resolution data set a limit of ≤24 ′′ × ≤34 ′′ (≤525 pc × ≤710 pc) FWHM on the size of the central 100 µm source, consistent with the size of the central CO (Ishizuki et al. 1990 ) and Hα (Roy and Belley 1993) source. We find that 20% of the total 100 µm flux density of NGC 6946 comes from this central source.
NGC 7331
NGC 7331 is an Sb galaxy with a prominent bulge (Boroson et al. 1981 ) and a weak LINER-like nuclear optical emission line spectrum (Keel 1983a) . Narrowband Hα+[N II] imaging of this galaxy (Keel 1983b; Pogge 1989 ) reveals a stellarlike nucleus surrounded by diffuse ionized gas within the bulge and bright HII regions in the spiral arms. The diffuse bulge emission has line ratios similar to those of the nucleus (Keel 1983b) . Radio continuum maps show a compact central source and faint diffuse bulge emission, in addition to prominent spiral arms (Cowan, Romanishin, and Branch 1994) . HI data show a central depression in the atomic gas distribution (Bosma 1981) . Young and Scoville (1982) observed the major axis of NGC 7331 in the CO (1 − 0) line at 45 ′′ resolution and found a pronounced central hole; their central position, however, was offset 19 ′′ from the optical center. Subsequently, NGC 7331 was partially mapped in the CO (1 − 0) and (2 − 1) lines at 23 ′′ and 12 ′′ resolution, respectively (Braine et al. 1993; Braine 1995, private communication) . These data show a relatively constant CO (1 − 0) surface brightness over the central 1 ′ .3 × 0 ′ .5, with a possible 30% dip near the nucleus. In the higher resolution CO (2 − 1) data, this dip is more pronounced, with a spiral arm/nucleus contrast of approximately 3. Near-infrared data show redder colors at the spiral arms than at the bulge, also suggesting a central dip in the distribution of dust and gas (Telesco, Gatley, and Stewart 1982 ).
Our 100 µm major axis profile for NGC 7331 has a fairly flat-topped FIR distribution with a FWHM of approximately 165 ′′ , without a pronounced central depression or a bright compact nuclear source. This far-infrared plateau covers not just the bulge area, but also crosses the spiral arms at a radius of ∼50 ′′ . We have also resolved the minor axis emission, with a FWHM size of ∼42 ′′ . This distribution is consistent with the lower resolution 100 µm IRAS CPC data of van Driel et al. (1993) .
In Figure 5 , we compare our 100 µm profile with the corresponding CO (1 − 0) data from Braine et al. (1993; 1995, private communication) , obtained with a similar beamsize. Within the uncertainties, these distributions agree; our data do not rule out a 30% depression at 100 µm near the center of NGC 7331. In Figure   5 , we have also plotted the major axis Hα+ 
NGC 7552
The barred spiral galaxy NGC 7552 has an 'amorphous' nucleus (Sérsic and Pastoriza 1965) , with an emission line optical spectrum which has been classified as HII region-like (Ward et al. 1980) or as a weak LINER Bergeron 1987, 1988) . Although diffuse ionized gas is observed to a radius of 1 ′ , the bright central region is relatively compact in Hα+[N II], with a FWHM size of ∼10 ′′ (Durret and Bergeron 1987) . Radio and Brγ maps of NGC 7552 reveal a nuclear starburst ring of diameter 7 ′′ × 9 ′′ Forbes, Kotilainen, and Moorwood 1994) . Our KAO data of this galaxy indicate that the far-infrared emission is arising from an unresolved central source of size ≤22 ′′ × ≤24 ′′ , consistent with the size of this ring.
Previously Published KAO Data
To investigate the nature of far-infrared emission from galaxies, it is important to make comparisons between different galaxies as well as studies of individual galaxies. We now have a large enough sample of galaxies with high resolution KAO data available to make this possible.
In this section we describe and tabulate previously published KAO data on 11 additional galaxies. These galaxies were observed by the University of Texas KAO group using either one of the two detector systems described in Section 2, or a previous generation instrument. Since these data were obtained with either a scanning mode or with a multi-channel system, information about the spatial extent of the central far-infrared emission is available. These additional galaxies are listed in Table 4 , along with their nuclear positions, distances, morphological types, blue magnitudes, diameters, and spectral types. We also include in Table 4 the galaxies M 31 and M 81, which are close enough that their bulge regions are resolved by IRAS.
In Table 5 , we summarize the KAO results for the galaxies in Table 4 , giving the wavelength of the observations, the average position angle, the source size, the observed flux density (both peak and total, when available), and the literature reference. We also include the total flux densities from IRAS, and the Rickard and Harvey (1984) or other published small aperture flux densities.
For all 24 galaxies in the combined sample, in Table 6 we tabulate the 50 and 100 µm flux densities that we use in the following discussion, along with the measured far-infrared source sizes in arcseconds and the physical area Ω in kpc 2 .
Ideally, we would like to compare the far-infrared emission from the same area within each galaxy, the inner ∼1 kpc 2 . Since the galaxies are not all at the same distance, however, this physical area varies from galaxy to galaxy. Furthermore, some of the galaxies are so distant that the far-infrared size of the entire galaxy is used.
In Table 6 , we also list the average dust temperature and 100 µm optical depth in the observed regions, obtained from the 50 µm/100 µm flux ratios assuming a λ −1 emissivity law. For galaxies without 50 µm measurements, we use the global IRAS 60 µm/100 µm ratio to determine a dust temperature and therefore the optical depth. In these cases, if T d (bulge) > T d (global) then these estimates of τ 100 are upper limits. We also include the IRAS M 31 bulge flux densities for a 4 ′ aperture (Soifer et al. 1986 ) in this table. In addition, we provide IRAS 60 and 100 µm measurements for the bulge of M 81 in a 105 ′′ aperture obtained from the IRAS HiRes images (see Table 6 ).
Additional Data
In Tables 7.1, 7.2, and 8, we provide additional information about these galax- (Table 7 .1). The beamsizes for the Hα+[N II] measurements are also given in Table 7 .1. For several of the galaxies in our sample, we acquired copies of published Hα+[N II] images, from which we have extracted aperture measurements. For the other galaxies, we obtained fluxes directly from the literature. In these cases, the beamsizes are not always perfectly matched with the KAO beam.
However, the optical apertures are generally larger than those of the far-infrared, and inspection of the published Hα+[N II] images shows that most of the emission comes from the central far-infrared source. For most of these galaxies, the filters used for the narrow-band optical observations were wide enough that they contain both Hα and the nearby λ6584Å [N II] line. Exceptions are noted in Table 7.1.
We also give published Brγ fluxes in Table 7 .1; these are only sometimes useful, however, because often the only available Brγ measurements are in apertures significantly smaller than our KAO beam. In Table 7 .1, we also list published CO (1 − 0) measurements obtained in beam sizes similar to the KAO beam. When necessary, these have been corrected for the telescope aperture efficiency to a main beam temperature scale (T M B ), suitable for extended sources that fill the beam. In the following comparison with the far-infrared data, we use the first tabulated value of these parameters for each galaxy.
For many of these galaxies, spectroscopic measurements of the Balmer decrement F(Hα)/F(Hβ) are also available. These are given in Table 7 .2, along with their beamsizes, which are generally much smaller than the KAO beamsize.
In addition, we also compile published values of F(Hα)/F(Brγ) in Table 7 .2.
We have also gathered BVH data for these bulges at aperture sizes similar to the KAO beam, using the NASA Extragalactic Database (NED; 1995) and Longo and deVaucouleurs (1983, 1988) . From these data, we have estimated magnitudes within our KAO beams assuming a linear log(aperture)-magnitude relationship. If only one measurement at a given wavelength is available, it is used in the subsequent analysis if the aperture is within 30% of the KAO beam.
In Table 8 , we tabulate the interpolated magnitudes we use in this study. Finally, in Table 9 , we list some derived quantities for the observed regions of these 
Discussion

Extinction
To determine the origin of the far-infrared emission, one must first calculate the extinction towards the region in question. Our data provides one such estimate, the 100 µm optical depth (Table 6 ). In Figure 6 , we compare these values with the integrated CO intensity I(CO), another measure of the optical depth. In this plot and in subsequent figures, the galaxies with optical or nearinfrared signatures of strong star formation and/or Seyfert activity within the KAO beam (see Tables 1 and 4 , and Section 4) are plotted as asterisks, while the galaxies with more quiescent bulges are plotted as filled triangles. M 81, which has an extremely weak Seyfert nucleus, is considered a quiescent galaxy. Figure 6 shows that I(CO) and τ 100 are well-correlated, and the galaxies with starburst or Seyfert activity lie mostly in the upper righthand section of this plot, with higher gas and dust column densities. The line plotted in Figure 6 is the expected relationship if both CO and τ 100 trace extinction, using A V /τ 100 = 750 (Makinen et al. 1985 ) (λ −1 emissivity law) and assuming the standard Galactic I(CO)/n(H 2 ) (Bloemen et al. 1986) and N(H)/A V (Bohlin, Savage, and Drake 1978) ratios. The data points in Figure 6 generally lie above this line, showing that the CO data imply optical depths a factor of ∼4 higher than the far-infrared data on average. This discrepancy has been noted before in comparisons of the global M(H 2 ) to M(dust) ratio (Young et al. 1989; Devereux and Young 1990) and in a comparison of single aperture far-infrared data with published CO data (Rickard and Harvey 1984) . It may be due to a number of effects. The A V /τ 100 ratio is poorly known and may vary significantly from location to location; published values range from 280 − 2600 (Harvey, Thronson, and Gatley 1980; Whitcomb et al. 1981; Hildebrand 1983; Makinen et al. 1981; Casey 1991) . Also, extragalactic observations at 100 µm may miss a significant amount of very cold dust (Eales, Wynn-Williams, and Duncan 1989; Kwan and Xie 1992) . In addition, the I(CO)/n(H 2 ) ratio may be enhanced in starburst nuclei (Maloney and Black 1988; Maloney 1990; Mauersberger et al. 1996a,b) .
Scatter is also introduced by the differing beamsizes, the lack of small beam 50 µm data for many galaxies, and the possibility of clumpiness of the interstellar medium within the KAO and CO beams.
Other methods of determining extinction are also quite uncertain, particularly the broadband colors. The B − V color (Table 8 .2) does not correlate with I(CO); starburst and quiescent galaxies have similar colors. B − V does not trace extinction well, because it is affected not only by dust but also the stellar population. Also, because the dust is likely mixed with the stars rather than in a foreground screen, the reddening relative to the extinction is reduced (Witt, Thronson, and Capuano 1992) . For a few individual galaxies, detailed models of the optical and near-infrared colors which take into account geometric effects have recently been developed by a number of groups. For NGC 4736, extinctions derived from this method are consistent with those obtained from the CO (1 − 0) line (Block et al. 1994) .
Hydrogen emission line ratios may also underestimate extinction because of mixing. In Figure 7 , we compare I(CO) with the A V derived from the Balmer decrement. For this calculation, we used the standard Galactic extinction curve and an intrinsic F(Hα)/F(Hβ) = 2.85 (Osterbrock 1989) , except for the data for the narrow line region of M 81, where an intrinsic F(Hα)/F(Hβ) = 3.1 was assumed (Filippenko and Sargent 1988) . This plot shows little correlation, and the extinctions implied by the Balmer decrement are generally smaller than those given by I(CO). The F(Hα)/F(Brγ) ratio is compared with I(CO) in Figure   22 8. There is somewhat better agreement, but the hydrogen line ratio still gives lower extinction values. This may be due to a combination of underestimation by F(Hα)/F(Brγ) due to mixing and overestimation by I(CO).
Other methods of determining extinction include comparisons of these hydrogen lines with the Paβ and Brα lines, thermal radio continuum emission, submillimeter dust continuum, and mid-infrared absorption feature strengths. Unfortunately, these data are available for only a few of our sample galaxies. Therefore, in the following discussion, we will rely on the optical depths determined from the CO intensities and the 100 µm optical depths, with the caveats noted above. The true optical depth probably lies between that implied by the CO data and that given by the far-infrared data.
Star Formation
Galaxies which are actively forming stars are known to have higher global farinfrared luminosities and higher ratios of far-infrared to blue luminosities than less active galaxies. The data tabulated in Table 9 show that this is also true for the central regions of galaxies. The bulges of the quiescent galaxies, particularly M 31 and M 81, stand out as having low far-infrared luminosities relative to their blue luminosities. In Figure 9 , we have scaled these luminosities by the area Ω of the source, to compare average surface brightnesses. The starburst and Seyfert galaxies have higher far-infrared surface brightnesses than the more quiescent galaxies. Accounting for the fact that many of the starburst/Seyfert galaxies are unresolved with the KAO makes this difference more pronounced. In this plot, the blue surface brightnesses for the quiescent and more active galaxies are similar, but these are underestimated for the unresolved galaxies.
In Figure 10 ratios higher than those of most of the starburst galaxies but lower CO intensities and 100 µm optical depths. In these figures, we plot curves corresponding to the expected relationships for dust heating by OB stars following a Salpeter IMF, using the assumptions given above for extinction and an intrinsic L(FIR)/L(Hα) ratio of 55 (Devereux and Young 1989) . For this calculation, we assume that the extincted region lies halfway through the molecular disk.
Although there is considerable uncertainty as to the exact relationship between extinction, CO, and τ 100 (see Section 6.1), these curves give an approximate dividing line between galaxies in which dust heating is dominated by OB stars and those in which the older stellar population is important. In Figure 12 , the quiescent galaxies tend to lie above the curve, with infrared excesses higher than that expected by dust heating by massive young stars. The infrared excesses in the bulges of NGC 4736 and NGC 3627 relative to their extinctions have been noted before by Smith et al. (1991 Smith et al. ( , 1994 , who conclude that dust heating is dominated by the non-ionizing stellar population. This same conclusion was This analysis assumes that all of the observed Hα in these galaxies is due to ionization by OB stars, however, this is probably not the case for the bulges of the quiescent LINER-like galaxies. The ionization mechanism responsible for the LINER-like optical line ratios in the centers of galaxies is still unclear. Shock excitation (Heckman 1980; Bonatto et al. 1989) , photoionization by an active nucleus (Ferland and Netzer 1983) , photoionization of dense clouds by massive O stars (Filippenko and Terlevich 1992; Shields 1992) , collisional excitation due to mass loss from giant stars (Burbidge and Burbidge 1962; Burbidge, Gould, and Pottash 1963) , and ionization by hot horizontal-branch stars (Minkowski and Osterbrock 1959 ) have all been suggested as possible ionization mechanisms. If something other than OB stars is responsible for the ionization, then the infrared excesses in these bulges relative to the star formation rate is further enhanced. In the bulges of M 31 and NGC 4736, the optical line ratios have been found to be LINER-like across the bulge, not just in the nucleus (Ciardullo et al. 1988; Smith et al. 1994 ).
In Figure 12 , the starburst galaxies tend to lie to the right of the extinction curve, therefore, there are sufficient OB stars in these galaxies to power the farinfrared luminosity, if the CO traces the extinction. The fact that many of the starburst galaxies lie far to the right in this plot may be due to an overestimation of the Hα extinction by the CO. In contrast to Figure 12 , in Figure 13 many of the starburst galaxies lie to the left of the curve; this may be due to an underestimation of A V by τ 100 .
The peculiar galaxy NGC 1275 also lies above the extinction curve, in the regime where dust heating by older stars is expected to dominate. However, NGC 1275 may be a special case, being the dominant galaxy in the X-ray luminous 25 galaxy cluster Perseus. The dust in this galaxy may be heated by hot intracluster gas in a cooling flow rather than star formation or the older stellar population . Therefore it is unique in this sample, and we do not discuss it further in this paper.
These plots show that, regardless of the precise relationship between I(CO), τ 100 , and A V , the trends are clear; quiescent galaxies have higher far-infrared excesses compared to starburst galaxies when extinction corrections are taken into account.
In Figures 14 and 15 , we compare L(FIR)/L(Brγ) with I(CO) and τ 100 for the galaxies for which beam-matched Brγ data are available. All of these galaxies are known to have strong star formation in the KAO beam, and, in general, they fit the expected relationship for OB star dust heating, with possible underestimation of the optical depth by τ 100 and overestimation by I(CO).
It is possible that an active galactic nucleus contributes significantly to dust heating in a few of these galaxies. AGN dust heating is characterized by a high infrared excess compared to OB star heating (DePoy, Becklin, and Geballe 1987; Prestwich et al. 1994 ). An infrared excess has been cited before for Arp 220, based on extinctions derived from F(Brα)/F(Brγ), F(Brγ)/F(Paγ), and millimeter continuum data (DePoy et al. 1987; Scoville et al. 1991; Prestwich et al. 1994; Larkin et al. 1995; Armus et al. 1995) . The Seyfert nucleus in NGC 1068 may also contribute to dust heating. Further investigations of the extinction in these galaxies are needed to confirm these results.
Dust Heating by the Older Stellar Population
In Figure 11 , we found that the far-infrared to blue luminosity ratio increases with I(CO). The blue light originates from a combination of both young and old stars. A better measure of the bolometric luminosity of the older stellar population is the near-infrared H band, which is also less affected by extinction. We giants, this curve is consistent with a situation where ∼1/5th of the total stellar luminosity is absorbed by dust and re-emitted in the far-infrared. These curves do not intersect M 31 and M 81, implying that, if dust heating is dominated by non-ionizing stars in all the quiescent galaxies, then a higher proportion of the bolometric luminosity of the older stars is absorbed by dust and re-emitted in the far-infrared in NGC 4736, NGC 3267, and NGC 7331 than in M 81 and M 81. This difference may be caused by both a larger amount of interstellar dust available for absorption and re-emission, which is clearly the case, and also a difference in stellar populations. These three galaxies have younger stellar populations and therefore more energetic radiation fields than M 31 and M 81 (Pritchet 1977; Keel 1983c; Walker, Lebofsky, and Rieke 1988) .
In Figure 16 , the curve through NGC 4736 agrees with the data for some of the starburst/Seyfert galaxies, however, many lie above the curve. Therefore, the difference in L(FIR)/L(H) between starburst/Seyfert galaxies and quiescent galaxies cannot simply be explained by extinction, but instead must be due to differences in dust cross section and stellar population. The relative proportion of energy coming out of the galaxy in the far-infrared relative to the optical/near-infrared is higher in starburst/Seyfert galaxies. Therefore, 27 L(FIR)/L(old stars) is higher for starburst/Seyfert galaxies than quiescent galaxies, while L(FIR)/L(young stars) is similar or lower (Section 6.2).
These results can be explained by an increasing contribution to dust heating from young stars as one moves to higher extinctions. For the galaxies without optical/near-infrared signatures of star formation, dust heating is dominated by the underlying older stellar population. For more active galaxies, OB stars become important. This can also be seen in Figure 17 , where L(Hα)/L(H) is plotted against I(CO). L(Hα) measures the number of observed OB stars (or, as noted above, for M 31, M 81, NGC 1275, and the LINERS, is an upper limit), while L(H) traces the older stellar population. When the unusual galaxy NGC 1275 is excluded, a segregation is seen between the quiescent galaxies, concentrated in the lower left corner, and the starburst/Seyfert galaxies, which have higher L(Hα)/L(H) ratios. Thus, at larger column densities of gas and dust, the proportion of young stars relative to old stars is higher.
In these figures, the separation between the starbursts and the more quiescent LINER bulges is at approximately log I(CO) = 1.5, which corresponds to a molecular gas surface mass density of 140 M ⊙ pc −2 , using the Bloemen et al. (1986) conversion. This is the critical density at which star formation occurs in a gaseous disk with a rotational velocity of 150 km s −1 at a radius of 500 pc (Kennicutt 1989) . Thus the lack of powerful star formation in the bulges of NGC 4736, NGC 3627, NGC 7331, M 31, and M 81 may be due to an average gas density lower than the critical density.
Conclusions
Using the KAO, we have observed the central regions of 11 galaxies in the farinfrared at high spatial resolution. For 10 out of these 11 galaxies, optical and near-infrared data indicate massive star formation in the inner regions. For these 10, the far-infrared sizes or size limits are consistent with those of the central star 28 formation complexes. The remaining galaxy, NGC 7331, does not have observed star formation in its bulge. It does not have a bright central far-infrared source, but instead has a very extended far-infrared distribution with similar 100 µm surface brightnesses for its bulge and inner spiral arms.
We compare the small-beam far-infrared data for these galaxies to optical, near-infrared, and millimeter data, increasing the galaxy sample to 24 by including published KAO data for 11 additional galaxies and the IRAS data for Figure   4d , we display the same M 83 and η Carinae data that are shown in Figure 4c , but with the end channels set to zero. During the NGC 891 observations, the array was shifted along its minor axis, giving two overlapping sets of data. For NGC 7331, three overlapping sets of data were obtained. Braine et al. (1993; 1995, private communication) . The (0,0) point of the Braine et al. CO data is offset from the optical and radio continuum of NGC 7331 (Table 1) ; from their partial map, we have selected the positions closest to our observed locations for comparison (within 5 ′′ ). This plot also contains 3 profiles derived from the Pogge (1989) 44 Hα+[N II] image: 1) a cut across the unsmoothed array along our array position, 2) a cut along our array position after the image has been smoothed to our beamsize, and 3) a cut along our array location after the central bulge and nuclear emission has been removed and the image smoothed. Figure 6 . Log I(CO) vs. Log τ 100 . The data for the galaxies with strong star formation and/or Seyfert activity within the KAO beam are plotted as asterisks, while the more quiescent galaxies are plotted as filled triangles. The plotted curves show expected relationships using the standard I(CO)/n(H 2 ) ratio (Bloemen et al. (1986) and the Makinen et al. (1985) A V /τ 100 relationship (see text). Note that, for the galaxies without small beam 50 µm measurements and T d (bulge) > T d (global), the plotted values of τ 100 are upper limits (see Table 6 ). The plotted curve is the line expected for dust heating by OB stars, assuming a Salpeter IMF and the standard Galactic I(CO)/n(H 2 ) ratio (Bloemen et al. 1986 ). Figure 6 . The plotted curve is the line expected for dust heating by OB stars, assuming a Salpeter IMF and A V /τ 100 (Makinen et al. 1985) . 
